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© Coated inorganic particles. 

© A novel inorganic particulate powder coated with an organic polymer is claimed. The product is obtainable 
by dispersing in water inorganic particles at a pH higher than their isoelectric point in the presence of a 
polymeric polybasic acid as a dispersing agent to produce particles having a modified isoelectric point. The pH 
of the dispersion is then adjusted to a value below 9 but above the modified isoelectric point and an ethylenically 
unsaturated monomer is polymerised in the presence of the dispersion so as to coat the inorganic particles with 
polymerised monomer. A method for forming the particles is also claimed. 

The particles prepared by the method have been shown to be uniformly and discretely coated with an 
organic polymeric coating and can be used in many applications where it is desired to disperse inorganic 
particles in organic media such as paints, inks and plastics compositions. 
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coat,™* inV8n80n relateS t0 C0at9d in0r9ani ° PartCleS and in particular to particles with a PO'ymeric organic 

know^f ^JT^i" ?» particles « encapsulated by a polymeric organic coating are generally 
5 is b2ved f a H Pr ° Perty T 0 ? 1 With encapsulated inor 9anic powders is that the encapsulating coating 
whS ^S, J? ' ncor P° rat '°n of '"organic powders into polymeric media such as paints and plastics in 
diJnll y , h 6d ? P ' 9memS and fi " erS - " is im P ortant 1,131 me encapsulated particles should 
Seles. V 3 P ° lymeriC C ° atin9 iS be ' ieved t0 in P reven ""9 agglomeration of the 

ro ^ « ^IST^SS" t0 Pr ° Vide in ° r9aniC PartiC,6S ^ Uni,0rm ' y ^ diSCrete,y C ° ated 

as latex^i'nK ST 8 "!^ P ° lymer COmpositions ' for exam P' e «<1"W mating compositions of the type known 
as latex paints or emuls,on pants, the basis of the paint comprises an aqueous emulsion of a film-tormina 

re^ZlT^V^ Pi9m r PartiCl8S - Genera " y - theSe Pi 9 ment P articles ara Poo^ dispTrseZd 
remain outs.de the polymer particles even when these coalesce to form a dry paint film Such paints are 
« findmg .ncreasing use because they are environmentally acceptable 

of d.ln.ST ° Padty ° f hidi " 9 0f 3 latex paint to som e extent upon the efficiency 

pirScTT be f minimTd en,S ** ^ ^ * " - " *™ 

so coat!n 0 k a nr ri !^° dS an ^ apsulation of P'Smentary particles by a variety of polymers the uniformity of 

5SS5S ?S 2Z£ the coated partc,es is 9enera,,y not satisfactory and «™£ « 

inorLtLtJf °!?? ° f inVenti ° n t0 pr ° Vide 3 coatin 9 imposition comprising a dispersion of 

Son offn Ch Uni, ° rmly and diSCretely coated witn a fl'm-forming polymer so as to optimise 

spacing of the morgan.c particles in a dried film prepared from the dispersion soastoopt.rn.se 

co^^^J^"^ 3 C ° ated in0r9aniC P0Wder COmprises P articles of a " '"organic material 
Slue hiohl ,h a „r« °l Q T C matenal ° btainab,e by diSpersin 9 ,he inor 9 anic Pamoles in water at a pH 
value higher than the isoelectric point of the particles in the presence of a dispersing agent comprising la 

EfSTS f ^ ° r 3 S3lt there ° f 10 Pr ° duce partic,es havi "9 a modified isoelec^rpo^ustfno 
Lni™ I T rS '° n t0 3 Va,US be ' 0W 9 but ab0ve ,ne modified isoe| ootric point of thTJIlS a^d 
Sn^T 0 PreSenCS ° f tHe diSPerSi ° n 80 pr0duced an othylenically unsaturated mononS? so thai 

sa.d particles are coated with polymerised monomer. monomer so that 

fmJ^h balieved . that me P"**** according to the invention comprise a coherent inner coating formed 
^L^J aPenm ° WhiCh Pr ° VideS 3 Key for an ° uter coating formed fro^T^eS 

STZI^! 8 incorporated into the polymeric coating during po.yme^atiliough 
such * Si ' C 68 ' S ^ intendSd t0 Kmit ** SC0P6 0f *• inven «on to particles having 

•„„ A '!° ■ cco " an 8. to me invention a process for producing coated inorganic particles comorises susnend 

* 9OT ! "'" Ch "'" ) uso '" VMl0n WIV"»* POlybasid Kids or their sats and 
I? jLtE ST" *? ,h °" ""* «*» thSr salts and pol^towfc acids 

r r ss sr ^r„,:rr - — may * m ™* - •* — -cssss 

eZL T^Zl™, "T, 3Cid Wi,h ° tHer SUiteb,e fnon0mers 8uch - su-phonic aoTd de^t'es S 
=^2^ P °— - - — acS 

Hnear moL y cut S diSPerSin9 396015 * W6i9ht ° f fr ° m 1000 to 10 - 000 «d are substantially 
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The particles which can be employed in the present invention can be particles of any inorganic powder 
but those of particular interest are the inorganic pigments, extenders and fillers. Particularly, inorganic 
pigments are found to be of most use and such pigments are titanium dioxide pigments, zinc oxide 
pigments, aluminium oxide pigments, antimony oxides, barium pigments, calcium pigments, zirconium 
5 pigments, chromium pigments, iron pigments and magnesium pigments. Extenders and/or fillers such as 
silica, silicates, aluminates and particularly the clays can also be utilised in the invention. Mixtures of 
pigments and extenders can also be used as well as non-pigmentary forms of the inorganic powders 
mentioned as pigments. The most preferred inorganic powder is titanium dioxide pigment, preferably rutile 
titanium dioxide. 

io The particles may be uncoated but may also carry an inorganic coating. For example, titanium dioxide 
pigments which have been coated with silica and/or alumina can be used. Commercially available titanium 
dioxide pigments are usually coated with inorganic oxides and such pigments can readily be converted to 
the products of this invention by means of the process described herein. 

The size of the particles used in the process of the invention is not critical provided that a stable 

75 aqueous dispersion of the particles can be prepared. For example, particles of titanium dioxide having an 
average size of from 0.01 micron to about 5 micron can be used in the process of the invention. Frequently, 
however, the coated inorganic particles of the invention are employed as pigments. Preferably, therefore, 
the particles have a size which optimises their pigmentary effect. When the particles are of pigmentary 
titanium dioxide they preferably have a size of from 0.1 to 0.4 micron. 

20 The inorganic particles of the invention are coated with a polymer of an ethylenically unsaturated 
monomer. Any ethylenically unsaturated monomer which is polymerisable in an aqueous polymerisation 
system can be used in the present invention. Desirably, the polymer produced is insoluble in water and, if 
necessary, may be cross-linked by a suitable cross-linking agent. Typical ethylenically unsaturated 
monomers are aliphatic or aromatic compounds containing a polymerisable unsaturated group such as the 

25 unsaturated carboxylic acids or unsaturated carboxylic acid esters. One of the carbon atoms forming the 
double bond can preferably carry two hydrogen atoms and such compounds are called vinyl monomers. 
Typical useful monomers are acidic monomers such as acrylic acid, methacrylic acid, itaconic acid, maleic 
acid or its anhydride, fumaric acid and crotonic acid. Esters of acid monomers can be used such as methyl 
acrylate, ethyl acrylate, methyl methacrylate, butyl acrylate and ethyl methacrylate. Other monomers which 

30 can be polymerised to form coatings are styrene, vinyl toluene, alpha methylstyrene, ethylene, vinyl 
acetate, vinyl chloride, acrylonitrile, and the like. Fluorinated monomers such as fluorinated alkenes, 
fluorinated ethers, fluorinated acrylic and methacrylic acids and esters thereof or fluorinated heterocyclic 
compounds are also useful. 

If desired a copolymer of two or more of the polymerisable monomers can be present. 

35 In one useful embodiment of the invention the polymer which encapsulates the inorganic particles is a 
film-forming polymer. A dispersion of such particles can be employed as a coating composition in which the 
encapsulating polymer coalesces to form a film in the dried coating. The conditions used in the process of 
the invention can be adjusted to produce such a dispersion directly. The term "film-forming" is used herein 
to describe a polymeric composition which is capable of coalescing to form a coherent film containing the 

40 inorganic particles when an aqueous dispersion of coated inorganic particles which is a product of the 
invention is applied to a substrate and the water contained therein is allowed to evaporate. The film-forming 
polymers with which the inorganic particles are coated in carrying out this embodiment of the process of 
the invention include those which form a film at a temperature above ambient temperatures, for example at 
temperatures up to about 60 # C. Preferably, however, the film-forming polymers have a minimum film- 

45 forming temperature below about 25 °C and therefore do not require heating to form a coherent film at 
normal ambient temperatures. 

The ethylenically unsaturated monomers which are of particular use in forming film-forming polymers 
useful in this invention include, for example, unsaturated carboxylic acids and unsaturated carboxylic acid 
esters. Typical useful monomers are methyl acrylate, ethyl acrylate, butyl acrylate, butyl methacrylate, vinyl 

so acetate and vinyl isobutylether. 

Film-forming polymers can comprise a copolymer of two or more monomers such as the above but the 
copolymer can also include monomers whose homopolymer has a high minimum film-forming temperature 
such as styrene, methyl methacrylate, acrylonitrile, vinyl chloride and fluorinated monomers. 

A cross-linking agent can be present in the monomer mixture used in the process of the invention and 

55 typical cross-linking agents are di- or poly-functional ethylenically unsaturated monomers, for example, 
ethylene glycol dimethacrylate, ethylene glycol diacrylate. allyl methacrylate, allyl acrylate, 1 ,3-butanediol 
diacrylate. divinyl benzene or 1 ,3-butanediol dimethacrylate. When a cross-linking agent is present the 
amount of the agent is usually within the range of 1% to 20% by weight of said agent on weight of total 
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monomer employed and preferably the amount of cross-linking agent is from 1 to 10% by weight of 
monomer. 

The amount of polymer present on the coated particles of the invention can vary considerably 
depending upon the intended use for the particles. The amount may be very small so that substantially only 
5 a monolayer of polymer-is present or the weight of polymer can be as much as 200% of the weight of the 
uncoated inorganic particles. Typically the weight of polymer is from 0.1 to about 100% of the weight of 
uncoated particle but preferably the polymer represents at least 0.5% by weight and particles containing 
from 2% to about 20% polymer by weight with respect to uncoated particles are very useful 

When the inorganic particles are coated with a film-forming polymer which is intended for use in a 
io coating composition the amount of polymer will vary depending upon the effect which it is desired will be 
achieved in the final dried film. When the coating composition is intended for producing a matt film then the 
ratio of inorganic particles to polymeric coating is higher than when the coating composition is intended for 
producing a glossy film. An important factor affecting the appearance of the film is the volume ratio of 
inorganic particles to encapsulating polymeric coating which is usually from 1:1 to 1:25 by volume and 
rs preferably the volume ratio is from 1 :2 to 1 :8. 

In the process of the invention the inorganic particles are dispersed in water at a pH value above the 
isoelectric point of the particles. The isoelectric point is dependent upon the composition of the inorganic 
particles but generally the dispersion is formed at a pH above 7. In the preferred embodiment in which the 
inorganic particles are titanium dioxide the pH is preferably 9 to 11. 

The dispersion is formed in the presence of a dispersing agent as hereinbefore described. The particles 
may be added to a solution of the dispersing agent or the dispersing agent can be added to a mixture of 
water and inorganic particles. The mixture is agitated by any suitable means for sufficient time to ensure 
maximum dispersion of the particles. 

The amount of dispersing agent used is generally between 0.05 and 5 per cent with respect to weight 
of inorganic powder and preferably is between 0.1 and 1 per cent. 

In order to reduce aggregation in the finished product of the invention it is advisable to subject the 
dispersion to a nulling process to remove any aggregates already present. Any suitable milling process can 
be utilised but the use of a sand mill of the type commonly employed in the pigment industry is preferred 
The dispersing agent interacts with the inorganic particles and has the effect of changing the isoelectric 
30 point or the particles. 

After milling if necessary, it is advantageous to add more dispersing agent. Then the pH value of the 
dispersion is adjusted to a pH value below 9 but above the value of the modified isoelectric point. 
Preferably, the pH is adjusted to between 0.5 and 6 pH units above the modified isoelectric point and more 
preferably to between 3 and 5 pH units above this isoelectric point. 

When the inorganic particles are titanium dioxide the pH value of the dispersion is usually adjusted to 
between 5 and 8.5 and preferably to between 6 and 8. 

The polymerisation is carried out by adding one or more monomers to the dispersion at the selected 
PH. UsuaHy. the monomer is added as a dispersion in water and. conveniently, this monomer dispersion is 
obtained by stimng a mixture of water and monomer. 

w^T'! 3 cross - |inkin 9 agent for the chosen monomer is used then this usually, but not always, will be 
added to the dispersion of inorganic particles at the same time as the ethylenically unsaturated monomer 

Generally it is necessary to initiate the polymerisation and initiation can be suitably achieved with an 
initiator such as a peroxy compound, a persulphate, a peracetate or a redox initiator, e.g. a salt of a 
persulphunc acd or an organic hydroperoxide or peroxide in combination with a sulphite, bisulphite 
hyd osulphite or meta formaldehyde sulphoxylate. The initiator can be added at any suitable stage e.g. 
prior to the addifton of the monomer to the inorganic powder or only a part of the required amount of the 

,nitia " y f0 " 0Wed by the remainin9 nece ssary amount or amounts at one or more later 
stages. In the most preferred process the initiator is added separately but simultaneously with the 
rnonorner . 

^ a Ji! tem H ti ? ly ■ thS : P ° lymefisaSon may **> initiated b V ex P° si "9 the reaction mixture to a source of 
gamma radiation such as a Cobalt-60 source. »"««i,o ui 

The rate at which monomer is added to the dispersion of inorganic particles can vary quite widely but in 
nnZZ f meth ° d the monomer addi « on ra te is less than the rate at which the monomer is 

^hl I .. V P ^ ymer,satl0n - This technique, known as "starvation polymerisation" ensures that there is 
substantially no free monomer present in the reaction vessel during the polymerisation. It is believed that 
the starva ,on polymerisation" method minimises the formation of free polymer not present as a coating on 
the inorganic particles and helps to produce a uniform coating on the inorganic particles 
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The polymerisation of the monomers is usually carried out at an elevated temperature, e.g. up to 
140*C. Typically, a temperature between 30 *C and 100*C is employed and preferably the temperature is 
between 55 *C and 95 *C. The polymerisation normally, but not always, is effected under an inert 
atmosphere, for example, under a protective atmosphere of an inert gas, e.g. nitrogen. 
5 Advantageously, at least a part of the polymerisation is effected whilst subjecting the dispersion of 
inorganic particles to the effect of ultrasonic vibrations. 

A convenient form in which to employ the products of the invention when they are intended for use in 
aqueous systems is as a dispersion which is the direct product of the process of the invention. However, 
they may also be converted to a dry powder by conventional means such as spray drying. 
io The coated particles of the invention are of use in a variety of applications. The encapsulating coating 
assists their dispersion in organic media and they are typically useful as opacifiers and extenders for paints, 
inks and plastics. 

The encapsulating coatings which are formed on the inorganic particles in the process of the invention 
are especially uniform and coherent and the particles are substantially free from aggregation. Dispersion of 

T5 the particles in organic media is therefore particularly efficient. One particular use of the products of the 
invention is as pigments in aqueous emulsion paints which are being used in increasing quantities because 
of their environmental acceptability. 

When the encapsulating coating is prepared from a film-forming polymer a dispersion of the inorganic 
particles in water can be employed as a coating composition. Since each inorganic particle is individually 

20 and discretely encapsulated in a polymeric coating the spacing between particles is largely determined by 
the thickness of this layer when the water in which they are dispersed is removed. This spacing is 
substantially maintained even when the film-forming polymer coalesces to form a dried coating. Hence it is 
possible to utilise the opacifying power of pigments such as titanium dioxide more efficiently than is 
possible in conventional coatings. 

25 The invention is illustrated by the following examples. 

EXAMPLE 1 

500 grams of a commercially available acrylic copolymer dispersant sold under the Trade Name Dispex 
30 GA40 was added to 240 litres of water. To the resulting solution, 200 kg of uncoated pigmentary titanium 
dioxide was added. The pH was then adjusted to 10 with sodium hydroxide and the dispersion thus 
produced was sandmilled for 1 hour. Subsequently the dispersion was diluted to 250 grams of titanium 
dioxide per litre and a second aliquot (500 grams) of dispersant was added. The dispersion was stirred for 
10 minutes to ensure thorough mixing before the pH was adjusted to 8.5 with acetic acid. 
35 In a separate tank, a monomer mixture of water (76 kg), methyl methacrylate (5 kg) and methacrylic 
acid (1 kg), was prepared and the pH was adjusted to 5 with ammonium hydroxide. In a third tank an 
initiator solution was formed from 100 grams of potassium persulphate and 10 litres of water. 

The monomer mixture was added to the pigment slurry over 4 hours at a temperature of 70 ± 5 * C with 
stirring under an atmosphere of nitrogen. Addition of the initiator commenced at the same time as addition 
40 of the monomer mixture but continued for a total of 5 hours! 

Upon completion of the additions, the batch was cooled to 30 • C and the product discharged from the 
reactor as a slurry. 

The material produced was found to have the following properties 



Particle size 


0.38 micron 


% Polymer 


3.3 


Bulk Density 


1.06 


Polymer Thickness 


0.005-0.01 micron 


Tint Reducing Power 


1850 



Examination under an electron microscope showed that the polymeric coating was extremely uniform 
and the coated particles were substantially discrete. 

55 EXAMPLE 2 

A slurry of titanium dioxide pigment was prepared by dispersing 357g of pigment (uncoated pigmentary 
titanium dioxide) in 615 mis of water. The pH was adjusted to 10.5 using sodium hydroxide solution and 
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dispersion was effected by addition of I.Og of the commercial polyacrylate dispersant sold under the Trade 
Name Dispex GA40 . The resulting slurry was sandmilled for 1 hour after which the pH was reduced to 8 
and the slurry heated to 70 *C. 

To the slurry was added, simultaneously, a monomer emulsion and a initiator solution. The monomer 
emulsion consisted of 254g ethyl acrylate. 172 9 methyl methacrylate, 4.3g methacrylic acid. 1g 'Dispex 
GA40 and 21 5g of water. 20 mis of aqueous initiator solution were used which contained 15g of ammonium 
persulphate. The addition of monomer and initiator continued over 5 hours after which the suspension was 
cooled to room temperature. The product was found to comprise (by weight); TiOa 23.6%, polymer 21.7% 
ana water 54.7%. 

The suspension was removed from the reaction vessel and drawn down on paint charts in order to 
determine contrast ratio (a measure of opacity). The Contrast Ratio at 20 m s /l was 88.05. 

EXAMPLE 3 

at a o f friH ry t °! titan i U ^o di0Xide W3S preparSd by dis P ersin 9 "ncoated pigmentary titanium dioxide in water 
at a concentration of 500 grams per litre. The pH of a 500 ml portion of this slurry was adjusted to 10 5 with 
sod.um hydroxide solution and 0.1% by weight of a polyacrylate dispersant (Dispex GA40) was added The 
slurry was then sandmilled until the mean particle size was 0.50 micron and the pH was adjusted to 8 ' 
*, mnnHVLT- T. 3 2 "** reaCt<3r 6quipped with 3 3 Manser and inlet points for 

ZTnZJ ^T ° at V t0 90 * °- WHen the tem P erature had stabilised, a monomer emulsion and 

I S V 6 ' 6 ^ ,mUltane0US,y - but irately, added over 5 hours. The monomer emulsion 

w^r ™ ' -"f? ^T 9, ^ methacrylic acid. 0.6g polyacrylate dispersant (Dispex GA40) and 183.3g 
five houTrJril L :°" f° nSiS !f d k 0 69 ° f P ° teSSium P ereu, P ha * h 20 ml of water. At the end of the 
25 ^Jt ena ' W3S d,schar 9 ed ,rom *° factor end allowed to cool. A sample submitted for 

am no nm micros eopy was seen to have a generally smooth coating thickness of between 4 nm 

057 T mfcronSaLTf h ? teted "I* 380 " 103 "* ,or 1 minute end the average particle size was found to be 
0.57 micron indicating that no Significant aggregation had taken place during the encapsulation process. 

30 EXAMPLE 4 

A zinc oxide pigment (Zinc Oxide 100 from Durham Chemicals) with a crystal size of 0.1 micron and a 
wTrfTn PartiC ' e Sl2e " 137 miCr ° n W3S encapsulated using theTollowing process Z nc oxWe 

Jfl^ 0 " 2 5 °° 9ramS P6r ' itre ° n 3 epeed impeller mill for one hour at pH 9 
m the presence of 0.1% by we.ght of a polyacrylate dispersant (Dispex GA40). One litre of the dispersed 

SZTZfT 1 ' 2 J itre reaCt ° r eqUiPPSd With 3 * 3 denser and inlet points fo monomS ana 
ZTn [' , . W3S 10 70 '°- Wh6n ^Perature had stabilised, a monomer emulsion and an 

c^Jtl^r^" 60 ^ bUt SeP9rately ' 3dd3d ° ver 5 hours - Tl» ^enomer emulsion 
aT w^Th? 2? t meth ?7' ate - 0 69 m ethacrylic acid. 1.3g polyacrylate dispersant (Dispex GA40) 
and l ay water. The initiator solution consisted of 0.6g of potassium persulphate in 20ml of water 

A the end of the five hour period the material was discharged from the reactor and allowed to cool A 

Sp^Hs 'l^T'f J r' 8Ctr0n miCr ° SC0Py W3S f ° Und t0 have 8 u " if0 "" «hile"J of 

Session P8rt,C e S ' Ze W3S f ° Und to be 140 micron eftar 5 minutes of ultrasonic 
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EXAMPLE 5 



havin^fcbu!^ 9rade fr ° m Eng " Sh Cnina C,3 y s > with **x*Qona\ crystals 

naving a tabular habit and a largest dimension measuring approximately 0 25 micron was encapsulate* 

50 hTa^r^? Pr °^ S - ^ ° hina C,aV W3S diSperS6d 31 3 ooncentrafiof of Trgram 

high speed impeller m.ll for one hour at pH 8 and in the presence of a polyacrylate dispeLnt (Disoex 
GA40) at a concentration of 0.1% by weight. One litre of the dispersed slurry was placed in a 2^ reaSor 

ss neouslv but VnT , ' HH a H Stabi "' Sed ' 3 m ° n0mer emU,Si0n 3nd an initi3to ' s ° luti °" were simulta- 
metha^iate nT ^ .° V8r 5 h ° UrS - The monomer emulsion comprised; 11.5g methyl 

methacrylate 0.5g methacryl.c acid. 1.3g polyacrylate dispersant (Dispex GA40) and 184q water The 
.nmator solution consisted of 0.6g of potassium persulphate in 20 ml of water 
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At the end of the five hour period the material was discharged from the reactor and allowed to cool. A 
sample submitted for transmission electron microscopy was seen to have a uniform coating thickness of 
approximately 2.5 nm around the circumference of the hexagonal plates. Mottling apparent on the platelets 
provided evidence of encapsulation on the platey surfaces. 

5 

EXAMPLE 6 

A titanium dioxide pigment coated with alumina and zirconia (TR92 from Tioxide Group Limited) with a 
crystal size of 0.25 micron was encapsulated using the following process. A slurry of the pigment was 

w dispersed at 500 grams per litre on a high speed impeller mill for one hour at pH 8 in the presence of a 
polyacrylate dispersant (Dispex GA40) at a concentration of 0.1% by weight. One litre of the dispersed 
slurry was placed in a 2 litre reactor equipped with a stirrer, a condenser and inlet points for monomer and 
initiator. The slurry was heated to 70 *C. When the temperature had stabilised, a monomer emulsion and an 
initiator solution were simultaneously, but separately, added over 5 hours. The monomer emulsion 

75 comprised: 14.4g methyl methacrylate. 0.6g methacrylic acid, 1.3g polyacrylate dispersant (Dispex GA40) 
and 184g water. The initiator solution consisted of 0.6g of potassium persulphate in 20ml of water. 

At the end of the five hour period the material was discharged from the reactor and allowed to cool. A 
sample submitted for transmission electron microscopy was seen to have a generally smooth coating 
thickness of between 4 nm and 10 nm. The inorganic coating of the pigment was clearly visible in places 

20 within the polymer capsule and could be distinguished by the appearance of ribbons of pseudoboehmlte. 
The particle size was found to be 0.43 micron after 1 minute of ultrasonic dispersion. 

EXAMPLE 7 

25 An uncoated titanium dioxide pigment with a crystal size of 0.25 micron, was encapsulated using the 
following process. A slurry of the pigment was dispersed at 500 grams per litre on a high speed impeller 
mill for one hour at pH 8 in the presence of a poly(sodium 4-styrene sulphonate) dispersant (0.1% by 
weight). One litre of the dispersed slurry was placed in a 2 litre reactor equipped with a stiffer, a condenser 
and inlet points for monomer and initiator. The slurry was heated to 70 • C. When the temperature had 

30 stabilised, a monomer emulsion and an initiator solution were simultaneously, but separately, added over 5 
hours. The monomer emulsion comprised; 14.4g methyl methacrylate, 0.6g methacrylic acid, 1.3g poly- 
(sodium 4~styrene sulphonate) dispersant and 184g water. The initiator solution consisted of 0.6g of 
potassium persulphate in 20 ml of water. 

At the end of the five hour period the material was discharged from the reactor and allowed to cool. A 

35 sample submitted for transmission electron microscopy was seen to have a smooth coating of between 2 
nm and 6 nm thickness. 

Claims 

40 1. A coated inorganic powder comprising particles of an inorganic material coated with a polymeric 
material characterised in that the coated powder is obtainable by dispersing the inorganic particles in 
water at a pH value higher than the isoelectric point of the particles in the presence of a dispersing 
agent comprising a polymeric polybasic acid or a salt thereof to produce particles having a modified 
isoelectric point, adjusting the pH of the dispersion to a value below 9 but above the modified 

45 isoelectric point of the particles and polymerising in the presence of the dispersion so produced an 
ethylenically unsaturated monomer so that said particles are coated with polymerised monomer. 

2. A coated inorganic powder according to claim 1 characterised in that the dispersing agent is a 
lignosulphonate, a petroleum sulphonate or a poly(styrene sulphonate). 

50 

a A coated inorganic powder according to claim 1 characterised in that the dispersing agent is a 
polymaleic acid or a salt thereof, a polyacrylic acid or a salt thereof, a substituted acrylic acid polymer 
or an acrylic acid copolymer or a salt thereof. 

55 4. A coated inorganic powder according to any one of the preceding claims characterised in that the 
dispersing agent has a molecular weight of from 1000 to 10,000 and is a substantially linear molecule. 
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5. A coated inorganic powder according to any one of the preceding claims characterised in that the 
inorganic material is an inorganic pigment, an extender or a filler. 

6. A coated inorganic powder according to claim 5 characterised in that the inorganic pigment is a rutile 
titanium dioxide pigment. 

7. A coated inorganic powder according to any one of the preceding claims characterised in that the 
particles of the inorganic material carry an inorganic coating. 

8. A coated inorganic powder according to any one of the preceding claims characterised in that the 
inorganic powder has an average particle size of from 0.1 micron to about 0.4 micron. 

9. A coated inorganic powder according to any one of the preceding claims characterised in that the 
ethylenically unsaturated monomer is an unsaturated carboxylic acid or an unsaturated carboxylic acid 
ester. 

10. A coated inorganic powder according to any one of the preceding claims characterised in that the 
poiymenc material is a film-forming polymer. 

11. A coated inorganic powder according to claim 10 characterised in that the film-forming polymer has a 
minimum film-forming temperature below about 25 • C. 

12. A coated inorganic powder according to any one of the preceding claims characterised in that the 
poiymenc material is obtained from a mixture of monomers including a cross-linking agent. 

13. A coated inorganic powder according to claim 12 characterised in that the cross-linking agent is present 
in an amount within the range 1 per cent to 10 per cent by weight of the mixture of monomers. 

14. A coated inorganic powder according to any one of the preceding claims characterised in that the 
amount of polymeric material is from 0.1 per cent to 100 per cent by weight with respect to uncoated 
inorganic particles. 

15. A coated inorganic powder according to claim 10 characterised in that the polymeric material is present 
in an amount such that the volume ratio of inorganic material to polymeric material is from 1:1 to 1:25. 

16. A process for producing coated inorganic particles characterised in that particles of an inorganic 
nZT' are f sus P. ended in water at a P H value higher than the isoelectric point for the particles in the 
presence of a dispersing agent comprising a polymeric polybasic acid or a salt thereof to produce 
particles havmg a modified isoelectric point, the pH of the dispersion is adjusted to a value below 9 but 
above the modified isoelectric point of the particles and an ethylenically unsaturated monomer is 

p% y Zs s :d;i?mer ence of * e dispersion so produced so *** partc,es « «— ^ 

17. A Process according to claim 16 characterised in that the inorganic powder is titanium dioxide and the 
particles are suspended in water at a pH of from 9 to 1 1 . 

18. ^ Pr o O 0 „?f rt a c C0rdin9 4 t0 K C,aim 16 ° r 17 characterised in *at the amount of dispersing agent is from 0.05 
per cent to 5 per cent by weight with respect to inorganic powder. 

19 " tnZ!T aC ? rdin9 one of claims 16 to 18 characterised in that the dispersion of particles of 

inorganic powder is subjected to a milling process. 

20. A Process according to any one of claims 16 to 19 characterised in that the pH of the dispersion is 
adjusted to a value between 0.5 and 6 pH units above the modified isoelectric point. a,spers,on 

21. A process according to any one of claims 16 to 20 characterised in that the inorganic powder is 
trtamum diox.de and the pH value of the dispersion is adjusted to between 5 and 8.5 
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22. A process according to any one of claims 16 to 21 characterised in that the ethylenically unsaturated 
monomer is added to the dispersion of inorganic powder as a dispersion in water. 

23. A process according to any one of claims 16 to 22 characterised in that polymerisation is initiated by a 
peroxy compound, a persulphate, a peracetate or a redox initiator. 

24. A process according to any one of claims 16 to 23 in which the ethylenically unsaturated monomer is 
added at a rate which is less than the rate at which the monomer is consumed by polymerisation. 

25. A process according to any one of claims 16 to 24 characterised in that the polymerisation is carried 
out at a temperature of from 55 • C to 95 • C. 

26. A coating composition comprising an aqueous dispersion of coated inorganic powder according to 
claim 10. 
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© A novel inorganic particulate powder coated with 
an organic polymer is claimed. The product is ob- 
tainable by dispersing in water inorganic particles at 
a pH higher than their isoelectric point in the pres- 
ence of a polymeric polybasic acid as a dispersing 
agent to produce particles having a modified isoelec- 
tric point. The pH of the dispersion is then adjusted 
to a value below 9 but above the modified isoelectric 
point and an ethylenically unsaturated monomer is 
polymerised in the presence of the dispersion so as 
to coat the inorganic particles with polymerised mon- 
omer. A method for forming the particles is also 
claimed. 

The particles prepared by the method have been 
shown to be uniformly and discretely coated with an 
organic polymeric coating and can be used in many 
applications where it is desired to disperse inorganic 
particles in organic media such as paints, inks and 



plastics compositions. 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.4* 



Application Number 

EP 93 30 3527 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-3 884 871 (HERMAN ET AL.) 

* claims 1-7; examples 4,21 * 

US-A-4 935 456 (HUANG ET AL.) 

* claims; examples * 

EP-A-0 140 441 (SOLVAY) 

US-A-3 519 594 (ALAN SHERMAN MICHAELS) 

* claims; examples * 



The present search report has been drawn up for all claims 



Place of tear 

THE HAGUE 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 
Y : Particularly relevant If combined wit 

document of the same category 
A : technological background 
O : noo-mltien disclosure 



Data m( cn phitm at the mmmtk 

21 October 1994 



Relevant 



1-26 
1-15 
1,4,5 



CLASSIFICATION OF THE 
APPLICATION (lot-CLS) 



C09C3/10 
C08F292/00 



TECHNICAL FIELDS 
SEARCHED (In LCI. 5) 



C08F 



I i "rt?** undert ^8 «»• invention 

' 3SSifSSf t d ? a,raent ' ■* P»M*«he< on. or 
after the filing date 

D : document dted in the application 

L : document dted for other reasons 

* : member of me*sa 



LoiseleWaisne, S 



